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DETAILED ACTION 
Continued Examination Under 37 CFR 1.114 

1 . A request for continued examination under 37 CFR 1.114, including the fee set 
forth in 37 CFR 1.17(e), was filed in this application after final rejection. Since this 
application is eligible for continued examination under 37 CFR 1.114, and the fee set 
forth in 37 CFR 1.17(e) has been timely paid, the finality of the previous Office action 
has been withdrawn pursuant to 37 CFR 1.114. Applicant's submission filed on 

February 20, 2007, has been entered. 

< 

Claim Rejections - 35 USC §112 

2. The following is a quotation of the first paragraph of 35 U.S.C. 112: 

The specification shall contain a written description of the invention, and of the manner and process of 
making and using it, in such full, clear, concise, and exact terms as to enable any person skilled in the 
art to which it pertains, or with which it is most nearly connected, to make and use the same and shall 
set forth the best mode contemplated by the inventor of carrying out his invention. 

3. Claims 19-24 are rejected under 35 U.S.C. 112, first paragraph, as failing to 
comply with the written description requirement. The claim(s) contains subject 
matter which was not described in the specification in such a way as to reasonably 
convey to one skilled in the relevant art that the inventor(s), at the time the 
application was filed, had possession of the claimed invention. 

Claim 19 recites, "said updated adaptive centering coefficient implemented in the 
PCA model to provide, based on the statistical quantity, an improved process center 
for the substrate processing in order to update the substrate processing during the 



I 
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course of semiconductor manufacturing for the second set by providing an output 
assessing the process being performed in the processing system." 

The specification describes the updated centering coefficient implementation on 
page 18, paragraph 0092 to page 19, paragraph 0096: 

...represents the current value of the j th data parameter for the current run, 
and Z is a weighting factor ranging from a value of 0 to 1 . For example, when 
A=1, the model mean value utilized for centering each data parameter is the 
previously used value, arid, when A=0, the model mean value utilized for 
centering each data parameter is the current measured value. 

The model standard deviations (utilized for scaling) for each summary statistic 
are updated using the following recursive standard deviation filter... 

...The filter constant k can, for example, be selected as a constant less than 
or equal to N, where N represents the number of substrate runs, or observations, 
utilized to construct the PCA model. 

FIG. 6B shows the same example of using a PCA model to monitor the Q- 
statistic that was presented in FIG. 6A, except that the centering and scaling 
coefficients are updated using an adaptation scheme in accordance with the 
present invention. As seen in this figure, after the first 500 wafers, when the 
centering and scaling constants are adapted using adaptive centering and 
scaling coefficients described above (X=0.92; k=500), the Q-statistic chart is 
substantially more stable across all of the remaining substrates, and the data 
predominantly resides within the same limit. The inventive adaptation scheme 
provides similar improvement to other statistical monitoring schemes (e.g., the 
Hotelling T 2 parameter). Thus, adaptation of the PCA model in accordance with 
the present invention allows for a more robust PCA model that can be used for 
long process runs. 

As can be seen by this section, the updated adaptive centering coefficient is 
implemented in the PCA model to provide modification of data parameters for 
improving a process center, but the updated adaptive centering coefficient does not 
provide an output assessing the process being performed in the processing system. 

Claims 20-24 are rejected under 35 U.S.C. 112, first paragraph, because they 
incorporate the lack of written description present in parent claim 19. 
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* 

Claim Rejections - 35 USC § 103 

4. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 102 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 

5. Claims 1, 7, 8, 11-16, 25, 27, 33, 35, and 47 are rejected under 35 U.S.C. 
103(a) as being unpatentable over U.S. Patent Application Publication No. 
2003/0055523 to Bunkofske et al. in view of U.S. Patent Application Publication No. 
2002/0107858 to Lundahl et al. and further in view of Li et al., "Recursive PCA for 
adaptive process monitoring". 

Bunkofske discloses a method of monitoring a processing system for processing 
a substrate during the course of semiconductor manufacturing (0002 and 0048), 
comprising acquiring data from said processing system for a plurality of 
observations, said data comprising a plurality of data parameters/variables (0049 
and 0052); constructing a principal components analysis (PCA) model from said 
data (0047), including centering and scaling (0056); determining at least one 
statistical quantity from said data using said PCA model (0043 and 0047); setting a 
control limit for said at least one statistical quantity (0059); comparing said at least 
one statistical quantity to said control limit (0059) in order to determine if the 
substrate processing remains within control during the course of manufacturing 
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(0086), and providing an output assessing the process being performed in the 
processing system (0049 and 0053). 

Bunkofske discloses detecting a process fault has occurred when said at least 
one statistical quantity exceeds said control limit (0059). 

Bunkofske discloses that constructing said PCA model comprises determining 
one or more principal components of said data for said plurality of observations 
using principal components analysis (0012) * 

Bunkofske discloses that said plurality of data parameters comprises an 
instantaneous value of at least one of chamber pressure and RF power (0006). 

Bunkofske discloses that said statistical quantity comprises at least one of a Q- 

statistic and a Hotelling T 2 parameter (0043). 

Bunkofske further discloses a controller as part of a process performance 
monitoring system coupled to a process tool, inherently operating in accordance with 
a program stored on computer readable medium, for carrying out the method as well 
as coupled to a plurality of sensors attached to the process tool for acquiring the 
data (0019 and 0049). 

As noted above, Bunkofske teaches many of the features of the claimed 
invention and while Bunkofske does explicitly disclose that the measurement data 
used for constructing a principle components analysis "is scaled and centered and a 
correlation matrix is calculated" (0056), the disclosure of Bunkofske does not provide 
details regarding this process. 
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Lundahl teaches a method and system for the dynamic analysis of data using 
principal components analysis (0065) and further teaches the well-known method of 
performing centering and scaling comprising applying centering coefficients to each 
of a plurality data parameters by subtracting centering coefficients from each of said 
data parameters and applying scaling coefficients to each of a plurality of data 
parameters by dividing each of said data parameters by said scaling coefficients 
(0059 and 0060). 

It would have been obvious to one having ordinary skill in the art to modify the 
invention of Bunkofske to include the scaling and centering method of Lundahl 
because the combination would have provided the well-known method for carrying 
out the centering and scaling in a conventional manner as required in the method of 
Bunkofske (0059 and 0060). 

Further, while the invention of Bunkofske and Lundahl does teach many of the 
. features of the claimed invention including applying centering coefficients to each of 
a plurality of data parameters in a PCA model, wherein the centering coefficients are 
determined based on the data from the processing system, the combination does 
not specify that the method acquire additional data from the processing system after 
constructing the PCA model to form adjusted data and adjusted centering/scaling 
coefficients. 

Li teaches a method and system for applying principal component analysis to the 
monitoring of industrial microelectronics manufacturing processing system (page 
471, "Introduction", column 1, lines 1-4) including acquiring initial data from said 
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processing system (page 473, "2.2 Recursive correlation matrix calculation", column 
1 , lines 1-4) for a plurality of observations from a first set of substrate runs having 
performed a process in the processing system (page 483, "Application to a rapid 
thermal annealing process", column 1, line 1 to column 2, line 12), constructing 
principal component analysis model from said data parameters of the first set (page 
473, "2.2 Recursive correlation matrix calculation", column 1, lines 1-4), said PCA 
model being centered/scaled (page 472, "Introduction", column 1, lines 8-14), 
acquiring additional data from said processing system after said constructing step 
(page 473, "2.2 Recursive correlation matrix calculation", column 2, lines 1-16) from 
a second set of substrate runs performing said processing the processing system 
(page 483, "Application to a rapid thermal annealing process", column 1, line 1 to 
column 2, line 12), adjusting the PCA model and centering/scaling at the time of 
each observation of the additional data from the second set (page 471, 
"Introduction", column 2, lines 25-28 and page 474, "2.2 Recursive correlation matrix 
calculation", column 1, lines 11-13) utilizing both said initial data and current data 
obtained from the additional observation (page 472, "Introduction", column 1, lines 8- 
14), and determining at least one statistical quantity using a combination of said 
PCA model and the additional data for determining substrate processing quality 
(page 472, "Introduction", column 1, lines 4-6 and page 480, "7. Recursive process 
monitoring", column 1, lines 1-6). 

It would have been obvious to one having ordinary skill in the art to modify the 
invention of Bunkofske and Lundahl to specify that the method acquire additional 
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data from the processing system after constructing the PCA model to form adjusted 
data and adjusted centering/scaling coefficients, as taught by Li, because the 
invention of Bunkofske and Lundahl teaches processing the acquired data from the 
processing system to form centering and scaling coefficients and Li suggests that 
the combination would have improved the overall analysis of Bunkofske and Lundahl 
by providing real time updating of the data from the system thereby keeping the 
process data and scaling/centering coefficients accurate to detect an abnormal 
process faster and reduce the possibility of false alarms thereby increasing reliability 
of the monitoring system (page 471, "Introduction", column 1, line 16 to column 2, 
line 6 and page 472, "Introduction", column 1, lines 8-10). 

6. Claims 2-6, 19-23, 26, and 34, as may best be understood, are rejected under 35 
U.S.C. 103(a) as being unpatentable over Bunkofske et al. in view of Lundahl et al. 
and Li et al. and further in view of U.S. Patent No. 6,622,059 to Toprac et al. 

As noted above, Bunkofske in combination with Lundahl and Li teaches many of 
the features of the claimed invention, and while the invention of Bunkofske, Lundahl, 
and Li does teach generating centering and scaling coefficients which are 
determined based on updated process data, and therefore also updated, the 
combination does not specifically provide the method for updating the centering 
coefficient. 

Toprac teaches an automated process monitoring and analysis system for 
semiconductor processing comprising acquiring data from said processing system 
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for a plurality of observations, said data comprising a plurality of data parameters 
(column 4, lines 9-23), constructing a principal components analysis (PCA) model 
from said data (column 10, lines 46-51), acquiring additional data from said 
processing system, said additional data comprising an additional observation (i.e. 
current measurement) of said plurality of data parameters, obtaining a mean of the 
data parameters, and adjusting the mean of the data parameters to form an updated 
mean (column 18, lines 27-46). 

Toprac teaches that adjusting the mean of the data parameters comprises 
updating the mean of the data parameters for each data parameter by combining an 
old value of the mean for each data parameter and a current value of each data 
parameter for said additional observation, wherein said old value comprises a mean 
value of the data parameter during said plurality of observations (column 18, lines 
27-46). 

Toprac further teaches that combining said old value of said adaptive mean and 
said current value of said data parameter for said additional observation comprises 
applying an exponentially weighted moving average filter (column 18, lines 27-46) as 
well as setting a weighting factor to any value ranging from 0.0 to 1.0 as appropriate 
based on an amount of confidence (column 18, lines 47-53). 

It would have been obvious to one having ordinary skill in the art to modify the 
invention of Bunkofske, Lundahl, and Li to specify the method for updating the 
centering coefficient, as taught by Toprac, because the invention of Bunkofske, 
Lundahl, and Li does teach generating the centering coefficient as a mean of 
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consistently updated process data wherein the process data is obtained by a moving 
calculation (i.e. updated with every new sample) (Li, page 471, "Introduction", 
column 2, lines 25-28 and page 474, "2.2 Recursive correlation matrix calculation", 
column 1, lines 11-13) and Toprac suggests that the combination would have 
provided a corresponding method for updating the centering coefficient/mean that 
would have improved the centering performed by Bunkofske, Lundahl, and Li by 
applying a centering coefficient that is consistently updated and weighted based on 
confidences corresponding to the data obtained (column 18, lines 47-53). 

7. Claims 9, 10, 28, and 36 are rejected under 35 U.S.C. 103(a) as being 
unpatentable over Bunkofske et al. in view of Lundahl et al. and Li et al and further in 
view of U.S. Patent No. 5,796,606 to Spring. 

As noted above, Bunkofske in combination with Lundahl and Li teaches many of 
the features of the claimed invention, and while the invention of Bunkofske, Lundahl, 
and Li does teach generating centering and scaling coefficients which are 
determined based on updated process data, and therefore also updated, the 
combination does not specifically provide the method for updating the scaling 
coefficient. 

Spring teaches a process information and maintenance system for distributed 
control systems including means for obtaining data and from the data 
calculating/filtering a standard deviation using an exact recursive standard deviation 
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employing an old value of the standard deviation, a current value of additional data, 
an old value of a mean, and a constant (column 6, line 41 to column 7, line 8). 

It would have been obvious to one having ordinary skill in the art to modify the 
invention of Bunkofske, Lundahl, and Li to specify the method for updating the 
scaling coefficient, as taught by Spring, because the invention of Bunkofske, 
Lundahl, and Li does teach generating the scaling coefficient as a standard deviation 
of consistently updated process data wherein the process data is obtained by a 
recursive calculation (i.e. updated with every new sample) (Li, page 471 , 
"Introduction", column 2, lines 25-28 and page 474, "2.2 Recursive correlation matrix 
calculation", column 1, lines 11-13) and Spring suggests that the combination would 
have provided a corresponding method for updating the scaling coefficient/standard 
deviation that would have improved the scaling performed by Bunkofske, Lundahl, 
and Li by applying a scaling coefficient that is consistently updated and weighted 
based on a window that allows discounting of the oldest information using 
exponential-weighting-into-the-past (column 6, line 41 to column 7, line 8). 

Further since the invention of Spring performs recursive standard deviation 
employing an old value of the standard deviation, a current value of additional data, 
an old value of a mean, and the invention of Bunkofske, Lundahl, and Li defines the 
standard deviation as a scaling coefficient and the mean value as a centering 
coefficient, the combination performs recursive standard deviation employing an old 
value of the scaling coefficient, a current value of additional data, an old value of the 
centering coefficient. 
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8. Claim 24, as may best be understood, is rejected under 35 U.S.C. 103(a) as 
being unpatentable over Bunkofske et al. in view of Lundahl et al., Li et al., and 
Toprac et al. and further in view of U.S. Patent No. 5,796,606 to Spring. 

As noted above, Bunkofske in combination with Lundahl, Li, and Toprac teaches 
many of the features of the claimed invention, and while the invention of Bunkofske, 
Lundahl, Li, and Toprac does teach generating centering and scaling coefficients 
which are determined based on updated process data, and therefore also updated, 
the combination does not specifically provide the method for updating the scaling 
coefficient. 

Spring teaches a process information and maintenance system for distributed 
control systems including means for obtaining data and from the data 
calculating/filtering a standard deviation using an exact recursive standard deviation 
employing an old value of the standard deviation, a current value of additional data, 
an old value of a mean, and a constant (column 6, line 41 to column 7, line 8). 

It would have been obvious to one having ordinary skill in the art to modify the 
invention of Bunkofske, Lundahl, Li, and Toprac to specify the method for updating 
the scaling coefficient, as taught by Spring, because the invention of Bunkofske, 
Lundahl, Li, and Toprac does teach generating the scaling coefficient as a standard 
deviation of consistently updated process data wherein the process data is obtained 
by a recursive calculation (i.e. updated with every new sample) (Li, page 471, 
"Introduction", column 2, lines 25-28 and page 474, "2.2 Recursive correlation matrix 
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calculation", column 1, lines 11-13) and Spring suggests that the combination would 
have provided a corresponding method for updating the scaling coefficient/standard 
deviation that would have improved the scaling performed by Bunkofske, Lundahl, 
Li, and Toprac by applying a scaling coefficient that is consistently updated and 
weighted based on a window that allows discounting of the oldest information using 
exponential-weighting-into-the-past (column 6, line 41 to column 7, line 8). 

Further since the invention of Spring performs recursive standard deviation 
employing an old value of the standard deviation, a current value of additional data, 
an old value of a mean, and the invention of Bunkofske, Lundahl, Li, and Toprac 
defines the standard deviation as a scaling coefficient and the mean value as a 
centering coefficient, the combination performs recursive standard deviation 
employing an old value of the scaling coefficient, a current value of additional data, 
an old value of the centering coefficient. 

9. Claims 17, 18, 29-32, 37-42, and 48, are rejected under 35 U.S.C. 103(a) as 
being unpatentable over Bunkofske et al. in view of Lundahl et al. and Li et al and 
further in view of U.S. Patent Application Publication No. 2003/0144746 to Hsiung et 
al. 

As noted above, Bunkofske in combination with Lundahl and Li teaches many of 
the features of the claimed invention and while the invention of Bunkofske, Lundahl, 
and Li does teach acquiring many types of data, including adaptive scaling 
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coefficients, the combination does not specifically include obtaining the many types 
of data via at least one of an intranet and an internet from a second process. 

Hsiung teaches control for an industrial process using one or more 
multidimensional variables comprising a first industrial process connected to a 
second industrial process and/or server via an internet for accessing data (0036, 
0040, and 0045) wherein the data is used in performing principal component 
analysis (0066 and 0106). 

It would have been obvious to one having ordinary skill in the art to modify the 
invention of Bunkofske, Lundahl, and Li to specifically include obtaining the many 
types of data via at least one of an intranet and an internet from a second process, 
as taught by Hsiung, because, as suggested by Hsiung, the combination would have 
improved the overall analysis of the first process by validating the many types of 
data by comparison with the same data from a similar process (0036). 

Response to Amendment 

10. The declaration filed on February 20, 2007, under 37 CFR 1.131 is sufficient to 
overcome the Jahns et al. reference. 

Response to Arguments 

1 1 . Applicant's arguments with respect to claims 1-42, 47, and 48 have been 
considered but are moot in view of the new grounds of rejection: 
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The Examiner does note, however, that in addition to filing the 37 CFR 1.131 
declaration to overcome the Jahns et al. reference, Applicant argues the outstanding 
rejection as missing the feature of adjusting centering coefficients at the time of each 
observation of additional data. The Examiner asserts that the newly applied Li 
reference is explicit in its teaching of such a feature. 

Conclusion 

12. The prior art made of record and not relied upon is considered pertinent to 
Applicant's disclosure. 

U.S. Patent No. 5,949,678 to Wold et al. teaches a method for monitoring 
multivariate process comprising performing PCA by applying centering and scaling 
(column 1 1 , lines 60-65) wherein the centering is performed using a EWMA filter and 
subtracting centering values to update the EWMA (column 12, lines 18-30) and 
scaling is performed by dividing the data set by a standard deviation wherein the 
standard deviation (i.e. scaling coefficient) is updated/adapted based on weighted 
local data (column 12, lines 31-42) 

U.S. Patent No. 6,896,763 to Balasubramhanya et al. teaches a method and 
apparatus for monitoring a process by employing principal component analysis. 

U.S. Patent No. 6,330,526 to Yasuda teaches a characteristic variation 
evaluation method of a semiconductor device. 

U.S. Patent No. 6,675,137 to Toprac et al. teaches a method of data 
compression using principal components analysis. 
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U.S. Patent Application Publication No. 2002/0072882 to Kruger et al. teaches 
multivariate statistical process monitors. 

Cherry et al., "Semiconductor Process Monitoring and Fault Detection Using 
Recursive Multi-Way PCA" teaches a method for quickly and accurately detecting 
faulty sensors or measurements in a semiconductor processing environment. 

Shirazi et al., "A Modular Realization of Adaptive PCA" teaches an adaptive PCA 
algorithm which alleviates suboptimality of the PCA method for non-stationary 
signals. 

Chatterjee et al., "Algorithms for Accelerated Convergence of Adaptive PCA" 
teaches an adaptive algorithm for PCA that is shown to converge faster than 
traditional PCA. 

13. Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Jeffrey R. West whose telephone number is 
(571)272-2226. The examiner can normally be reached on Monday through Friday, 
8:30-5:00. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Marc S. Hoff can be reached on (571)272-2216. The fax phone number 
for the organization where this application or proceeding is assigned is 571-273- 
8300. 
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Information regarding the status of an application may be obtained from the 
Patent Application Information Retrieval (PAIR) system. Status information for 

* 

published applications may be obtained from either Private PAIR or Public PAIR. 
Status information for unpublished applications is available through Private PAIR 
only. For more information about the PAIR system, see http://pair-direct.uspto.gov. 
Should you have questions on access to the Private PAIR system, contact the 
Electronic Business Center (EBC) at 866-217-9197 (toll-free). If you would like 
assistance from a USPTO Customer Service Representative or access to the 
automated information system, call 800-786-9199 (IN USA OR CANADA) or 571- 



272-1000 




Jeffrey R. West 
Examiner- AU 2857 



March 3, 2007 



